INTRODUCTION
A central goal of ecology is the identification of the roles that abiotic and biotic factors play in determining the distribution and abundance of species. In particular, attention has been directed to the roles of these factors in determining patterns of resource use among closely related species. This interest stems from one of the central paradigms of ecology, the principle of competitive exclusion (Gause 1934) . A major focus of ecological research has been to identify those conditions that allow coexistence of species using similar resources, e.g., predation (Paine 1974 The term "resource partitioning" has been used in a general sense to describe any differences in resource use that exist between species and in a strict sense to describe only those changes in resource use due to competitors (Ebeling and Laur 1986) . That species differ in resource use is a common ecological observation (see reviews in Schoener 1974a, Toft 1985 , Ross 1986 ). More pertinent to the understanding of community dynamics is assessing to what extent these differences in resource use reflect inherent interspecific inequalities in the abilities to use and/or the preferences for using resources (autecological interactions) and to what extent biotic processes, including predation and competition (synecological interactions) modify autecological differences (Strong 1983) .
Both experimental and observational approaches have been used to investigate the factors influencing the distribution and abundance of guild members. The experimental approach, manipulation of a single factor while holding others constant, is the stronger method, but is not without drawbacks (Cody 1974 cies that then may be subjected to experimental analysis (e.g., Brown et al. 1986 ). This study uses an observational approach (multiple strip transects at several subtidal sites) to document habitat use and to identify possible mechanisms un-(4^ ' Turn Island  6  85  52  13  15  8  5  7  Bell Island  8  106.5  59  0  0  40  0  1  East Sound 1  8  120  0  10  20  39  28  3  East Sound 2  5  67.5  0  40  0  57  0  2  Point George  12  170  75  6  1  12  3  3  Eagle Point  4  57.5  34  0  23  35  0  8  Friday Harbor ILaboratories  1  15  0  0  2  0  66  31  Turn Rock  1  15  98  0  1  0  0 cific patterns of habitat use with patterns of habitat availability, and to assess the degree to which interspecific competition appears to modify patterns of species abundance and resource use. I examined three patterns that would be expected if intraguild competition is a strong force influencing the distribution and abundance ofcottid species: disjunct distributions, niche divergence, and inverse density relationships. Although other mechanisms besides competition may also be consistent with these patterns, invalidating these patterns would decrease the likelihood that intraguild competition was a strong mechanism influencing the distributions and abundances of these species. 
MATERIALS AND METHODS

Study
Microhabitat analysis
Intersite consistency in the microhabitat distribution of a species was measured using Kendall's coefficient of concordance and was tested for significance by Friedman's rank test (Kendall 1962 ). Because no cottid species was found at all sites, the rank tests for each species only included those sites where the species was observed. For both Artedius fenestralis and Chitonotus pugetensis, encountered only at the two East Sound sites, the coefficient of rank concordance and Friedman's test were evaluated among transects.
A view of the overall distribution of each species among subtidal microhabitats in the San Juan Islands was constructed by combining the data on the microhabitat association of individuals over all transects. The hypothesis that individual species were distributed among microhabitats in proportion to the availabilities of these microhabitats was evaluated with G tests. Because all species demonstrated non-random habitat use, additional tests were conducted to determine which microhabitats were significantly "preferred" or "avoided" by each species (i.e., over-and under-represented). In these tests, the observed microhabitat distributions on a single substrate and on the sum of the other substrates were compard to expected distribution of individuals on these two substrate classes if cottid distributions were based on microhabitat availability. Each microhabitat was singled out in turn (e.g., comparison of the observed distribution of Artedius harringtoni on shell sand and all other substrates with the distribution expected if A. harringtoni used shell sand and the other substrates in the frequencies sampled on the transects). The critical G values were adjusted to reflect the a posteriori nature of these comparisons (Sokal and Rohlf 1981) .
If competition among cottid species is influencing the microhabitat distribution, one might predict that species pairs would show checkerboard or disjunct distributions, where one species excludes another from an area. This hypothesis was evaluated by totaling the number of 5-m transect sections (2.5 m2) where (1) both species of a pair were present, (2) both species were absent, and (3) only one species was present. Only transects where at least one member of a species pair was present were included, reducing the interdependence of the comparisons (Toft et al. 1982 ). Independence in the distribution of species pairs among 5-m transect sections was evaluated using G tests.
Even if species pairs do not show checkerboard distributions, competition by one member of a species pair may influence the microhabitat distribution of the other. If this occurs, one would expect the species pairs to show higher overlap in microhabitat use when in allopatry than when in sympatry (i.e., niche divergence). The potential of one species to alter the distribution of another was evaluated using G tests that compared the microhabitat distribution of one species in those 5-m transect sections that also contained the potential competitor (sympatry, i.e., transects containing both members of a species pair) with the microhabitat distribution in 5-m transect sections that lacked the potential competitor (allopatry, i.e., transects containing only one member of a species pair). An overlap index (Schoener 1970 ) was used to calculate microhabitat overlap between members of species pairs in sympatry and in allopatry.
Under different scenarios of competition, resource overlap may vary directly or inversely with the intensity of competition (Lawlor 1980) . One difficulty with traditional overlap measures as approximate measures of competition is that overlap measures based on proportional utilization confound the electivity of the consumer with the availability of resources in the environment (Lawlor 1980 ). Lawlor proposed that similarity of electivities between two species may be a better measure of potential competition. I used the asymmetric MacArthur-Levins equation to calculate both interspecific microhabitat overlap, based on proportional utilization, and microhabitat similarity, based on electivities determined using Manly's (1974) formula. The former measure is an estimate of overlap of the realized niches of the species pairs, while the latter should be a better indicator of overlap of the fundamental niche of these species.
Macrohabitat analysis
The method of Schoener (1974b) and Crowell and Pimm (1976) , as modified by Rosenzweig et al. (1984) , was used to examine the influence of substrate abundance and the density of potential competitors on cottid densities. In the Schoener-Crowell-Pimm (SCP) method, an initial multiple regression uses the density of a single species measured at several sites as the dependent variable and several habitat variables (e.g., rainfall, percentage cover of different substrates, temperature, etc.) as the independent variables. The regression coefficients provide estimates of the influence of the habitat variables on species abundance. The residuals of this regression should be estimates of species densities at each site that are largely free of habitat heterogeneity. A second set of multiple regressions uses the matrix of these residuals for all the species in the guild to assess the strength of interspecific interactions. Each species serves as the dependent variable and is regressed against the residuals of the other species. 
1979) and for problems with the independence of the variables (Carnes and Slade 1988).
In this study the seven independent variables for the habitat-species regressions were the percentage cover estimates for the six substrate types on each transect and the depth of each transect. In the species-species regressions the residual densities of a single species from the habitat regressions served as the dependent variable and the residual densities of the other species were the independent variables. The distribution of percentage cover data was not significantly different from normal after arcsine square-root transformation. Similarly, the distribution of the density data was normally distributed after square-root transformation.
In both stepwise regressions (habitat-species and species-species) a minimum significance level of 0.15 was required at each step before entry of any variable into the overall model. Other regression approaches (full regression models or models using the original cottid densities as independent variables in the speciesspecies regressions) were explored as suggested by Rosenzweig et al. (1984) , but were poorer descriptors than the stepwise method; i.e., they accounted for less of the variation in cottid density. There were strong qualitative similarities in the results regardless of the type of regression model. Examination of plots of the residuals vs. the independent variables of the habitatspecies and species-species regressions revealed no obvious curvilinear relationships (i.e., no evidence for concave zero-isoclines; Schoener 1974b). 
RESULTS
Cottids
Selection of microhabitats by cottid fishes
The microhabitat distributions of cottid species were generally consistent among sites or transects ( Table 2) . None of the cottid species were found to use microhabitats in proportion to their availability along the transects ( Fig. 2; G tests, P < .001) ; each species showed significant microhabitat preferences and avoidances. Both J. zonope and Artedius harringtoni were found predominately on clean rock surfaces and avoided nonsolid substrates. C. pugetensis and Asemichthys taylori were found almost exclusively on shell sand and avoided clean rock. Encounters with A rtediusfenestralis were divided between shell sand and silt-covered rock. I. borealis was common on gravel substrates and rare on silt rock and shell sand.
Interspecific microhabitat overlap (based on realized overlap of resource use) and interspecific microhabitat similarity (based on overlap of resource electivities) varied greatly among the species pairs (Table 3; harringtoni on I. borealis, and Asemichythys taylori on Artedius fenestralis. High microhabitat similarities were found for J. zonope and A. harringtoni, and for Asemichthys taylori and C. pugetensis (each reciprocal). Both indices indicate that if substrate availabilities were limited, competition was likely to occur among these cottid species pairs.
In contrast to the expectation of negative co-occurrence patterns under the competition paradigm, six cottid species pairs showed neutral co-occurrence patterns and three had positive co-occurrence patterns; none were negative (Fig. 3) . Another possibility consistent with competition is that a species may alter its microhabitat use in the presence of a competitor (niche divergence). Although several species pairs did show significant differences in patterns of microhabitat use in the presence of potential competitors, interspecific overlap in microhabitat use was higher in sympatry than in allopatry, opposite to predictions of niche divergence under competition (Fig. 4) . 
Influence of habitat structure and heterospecifics on cottid densities
Densities of each species were significantly influenced by the relative abundances of particular habitat types in an area (Table 4) . Stepwise regressions using the macrohabitat variables account for between 40 and 60% of the variance in species density (Table 4: From the results of the second series of regressions, the subtidal cottid community in the San Juan Islands shows little evidence of being structured by competition for space. Of 30 possible interspecific coefficients, only 10 passed the initial significance cutoff (P < .15) in the stepwise regression models; 6 of these are significant at the .05 level or better (Table 4) . Only one of these six coefficients is negative (A. fenestralis on A. harringtoni). The interspecific regression models account for between 3 and 26% of the total variation in cottid densities (Table 4: Diffuse competition (the aggregate influence on one species by the other members of a guild, MacArthur 1972) does not appear to be important in this guild. I conducted a regression analysis for each species in which the dependent variable was the residual density of the single species and the independent variable was the sum of the residual densities of all the other species after habitat effects had been removed. None of the regressions indicated a negative relationship as predicted under a diffuse competition model (Table 5) . On the contrary, abundances of both Asemichthys taylori and J. zonope were significantly higher in areas with high densities of other cottids. In this study, habitat structure had similar effects in the micro-and macrohabitat distributions of cottids. The densities of a cottid species were enhanced in those habitats dominated by substrates for which it had high microhabitat electivities. Of the 21 significant microhabitat associations and 10 significant macrohabitat correlations (i.e., P < .05), seven pairs of habitat effects were shared across the two scales of analysis, e.g., positive microhabitat association and positive macrohabitat correlation of Artedius harringtoni and clean rock. Conflicts existed for only one species: on a microhabitat scale Asemichthys taylori was rarely observed on silt rock, but on a macrohabitat scale its overall density was enhanced on transects with a high percentage cover of this substrate. This likely reflects the positive association of these substrates in East Sound transects. At this low-current site, the source of shell fragments is from barnacle tests from the silt-covered rockwalls.
Studies 1984) ; a consistent result of these studies has been that an overwhelming predominance of significant and negative interspecific interactions remain after removal of habitat effects. This pattern has been interpreted to be the result of strong competition among members of these communities, but experimental verification of these putative competitive interactions has yet to appear.
In the one experimental test of the SCP method, it failed to detect consistently competition between two bee species that were shown experimentally to be strong competitors (Abramsky et al. 1986 ). The predictions of the SCP method were upheld when the experimental manipulations of bee populations were conducted over a range of densities similar to those used in the regressions, but failed when the experiments were conducted at densities far beyond the range used in the regression analysis. Pimm (1985) has argued that the "failure" of this second test may less reflect inadequacies of the SCP method than inherent difficulties with linear extrapolations beyond the range of observed values, especially if competitive effects are non-linear as predicted in several theoretical treatments (Rosenzweig 1981, Schoener 1985).
The SCP method for calculating interspecific interaction coefficients may be viewed as a conservative test of competition. It assumes that habitat effects on species distributions have priority over interspecific effects. As originally formulated, this arrangement was necessary to adjust species densities at multiple sites that differed in the equilibrium densities of potential competitors due to differences in the distribution of habitats (one of the major drawbacks of the observational approach) before comparing species densities (Schoener 1974b) . One result of this arrangement is that some of the variation in cottid densities attributed to habitat in the initial habitat-species stepwise regression may actually be niche partitioning caused by competitive interactions among species. This would reduce the ability of the SCP technique to detect significant negative species interactions.
On the other hand, some of the variation in cottid densities attributed to species interactions in the species-species regressions may be due to covariance between environmental factors not included in the initial habitat regressions (e.g., food supply, substrate relief, etc.) and species densities. The effects of these "hidden" habitat factors on species densities would not be "corrected" when calculating the residual densities of some species. The positive associations between several pairs ofcottids (Table 4) are probably due to such covariance and not to mutualistic interactions between species.
Although mindful of the drawbacks of the SCP approach, it has fulfilled one of the advantages accrued when using an observational approach to examine resource partitioning within complex assemblages, i.e., identification of specific physical factors that are most likely to influence the distribution and abundance of a cottid species and identification of the species pairs that show inverse density relationships consistent with interspecific competition. These results predict that experimental manipulations of most cottid species are not likely to reveal strong competitive interactions. The one negative interaction coefficient, Artedius fenestralis on A. harringtoni, may be an artifact due to covariance with an environmental variable not included in the original analysis (e.g., current speed), or may be due to strong competitive interactions between closely related species that have similar diets (Norton 1989) . Experimental manipulations of these two species are necessary to distinguish between these possibilities.
Another line of evidence consistent with a general lack of interspecific competition among subtidal cottids is the lack of a correlation between cottid diversity and habitat diversity (Shannon-Weiner index, H') along the subtidal transects, despite strong association of individual cottid species with habitat variables (r2 = 0.047, F = 3.784, P > .05). Other studies have documented a positive relationship between complexity of the physical environment and species diversity (see references in Gorman and Karr 1978, Boecklen 1986 ). This observation implies that the subtidal cottid community may be undersaturated; some transects lack either the full complement of species and/or individuals that one would expect given the available habitats. Undersaturation may be due to mortality caused by predators (e.g., In light of the apparent importance of competition among members of the intertidal assemblage, it is surprising that the subtidal cottid community of the San Juan Islands shows little evidence of competitive regulation, especially in the absence of other structuring forces (e.g., predation or physical disturbance). Examination of the diets of other potential predators and competitors (e.g., rockfishes and hexagrammids) indicates that these fishes rely primarily on prey sizes and types that are not utilized by cottid fishes, and cottids are not normally encountered in the diets of these species (Moulton 1977 The densities of subtidal cottids may be kept below levels necessary to saturate the available resources by recruitment processes, especially when compared to the densities of intertidal species. The transport mechanisms (the strong currents in the San Juan Islands and a larval period of several weeks or months for cottids) seem sufficient to ensure access of potential recruits to all intertidal and subtidal habitats. However, the supply of recruits of subtidal species may be limited by heavy predation on benthic eggs in the subtidal by invertebrates and by other fishes (DeMartini 1978).
In conclusion, habitat partitioning by subtidal cottid species is more likely the result of inherent micro-and macrohabitat preferences of individual species for particular substrates rather than responses to the presence ofheterospecifics. The lack of any relationship between species diversity and habitat structural diversity despite strong habitat preferences implies that subtidal cottid populations are below environmental carrying capacity. In the absence of great physical disturbance and predation pressure, population regulation may be due to recruitment limitation, especially through egg predation.
